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Principle and Application of Biofiltration

Wan Namkoong, Joon-Seok Park, Noh-Sup Lee

Department of Environmental Engineering, College of Engineering, Konkuk University

ABSTRACT

Biofiltration is an environmentally-sound technology for elimination of VOCs and odorous compounds from
low-concentration, high-volume waste gas streams because of its simplicity and cost-effectiveness. It can be
appled to the treatment of gases from publicly owned treatment works, composting facilities, landfill sites, and
soil vapor extraction systems. The ability to design an effective biofilter system involves a combination of
fundamental biofilter knowledge, practical experience, and bench- and pilot-scale testing. The objective of this
paper was to review principle, design parameters, operational conditions, case studies, and economy of

biofiltration through literature.
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[Fig. 1] Schematic diagram for waste gas treatment in biofiltration.
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[Fig. 2] Decision-making process in planning and designing an effective full-scale biofiltration system.
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[Table 1] Typical biofilter design and operating conditions for waste air treatment

Parameter

Typical Value

Biofilter layer hegiht (m)

Biofilter area (m)

Waste air flow (m’/h)

Biofilter surface loading (m’/m” - h)
Biofilter volumetric loading (m’/m” - h)
Bed void volume (%)

Mean effective gas residence time (s)

Pressure drop per meter of bed hegiht (cm)
Inlet pollutant and odor concentration (g/m?)
Operating temperature (10)

Inlet air relative humidity (%)

Water content of the support material (%)

pH of the support material

Typical removal efficiencies (%)

1

1~3,000
50~30,000 .
5~500
5~500

50

15~60

0.2~1.0cm of water (10cm max)

0.01~5,500
(500 ~50,000 odor units/m")
15~30

>98

60 by mass
6~8
60~100

Devinny, 1998).
#=¢mSIKs + S
71A,
u= G EA F2l & (time-1)
=AY QG EF 28 & (ime-1)
Sl- 9924 $9% % (gm3)
Ks =Monod’#5, Al 24 &2 £a] &9 1201899 f 5=
(gm3)
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[Table 2} Comparison of biofilter media

biofilter media

Classitication Soil Wood bark, Activated Ceramic,
Compost Carbon Plastic
Surface Area, m’/g wet 1-10 5-10 5-10 1
Gas Sorption Capacity, g/kg < <10 1 ’ <<
wet
Density, wet 1.5 0.5 0.4 0.4
Bearing Strength high low medium high
Air Permeability low medium medium high
Backpressure, kPa ' 0.5-1.5 0.2 0.1 0.1
Bacteriafg 10° 10" 0 0
pH Buffering Capacity high low 0 0
Nutrient Supply high “high 0 0
Hydrophilic, dry yes no no yes
Area for Rapidly Biodegradable Gases,
- m’/m’/hr 0.06 0.03 0.02 0.02
Lifetime, years >30 2-5 5 10-30
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[Table 3] Case studies of biofiltration
Bed Maximum R 1
, Filling | EBRT | . Input | pyimination | emova
Contaminat N . Height | Concentration . Efficiency Ref.
Material (min) 3 Capacity o
(m) (mg/m’) (g/1n3/hr) (%)
Toluene compost 6.6 1 2,300 >45 >90 A (1999)
Toluene GAC 9.8 1 <14,000 >160 >90 1} (2000)
HsS 01233 52,651 58 o500 | en et A
3 compost L12-3. - -2, m -
: compos PP (1993)
) compost + Rettenberger
H:S in LFG - - 150 - =100
clay (1996)
ethanol, Dharmavaram
compost =0.85 - 700ppm 40 65-75
aldehydes et al. (1993)
Thompson et al.
BTEX compost 0.4-6 230-830 0.8-75 30-97
(1996)
NH;: and H\S 1,996(NHa), 98.7(NHa), Frechen
R compost - - -
in LFG 1,052(H-S) =100(H-S) (1989)
Les t al.
gasoline GAC + peat| 0.75-6 1.02 600 - 50 eson ¢ @
. (1997)
compost + Wright et al.
gasoline | PO T o0 | 12 | 300-2700 . 73.93 right et a
wood chip (1997)
compost + 2,000-24,000 Leson et al.
TPH . 22 4 - 50-90
lime ppmC (1997)
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[Fig.3] Investment and operating costs versus air flow rate.
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